ABSTRACT. The efficacy of genetic material for use as DNA barcodes is under constant evaluation and improvement as new barcodes offering better resolution and efficiency of amplification for specific species groups are identified. In this study, the chloroplast intergenic spacer psbK-psbI was evaluated for the first time as a DNA barcode for distinguishing date palm cultivars. Nucleotide sequences were aligned using MEGA 6.0 to calculate pairwise divergence among the cultivars. The analyzed data illustrated a considerable level of variability in the genetic pool of the selected cultivars (0.009). In fact, five haplotypes were detected among 30 cultivars examined, yielding a haplotype diversity of 0.685. An unweighted pair group method with arithmetic mean phylogenetic tree was constructed and shows a well-defined relationship among date palm cultivar varieties. On the other hand, selective neutrality investigations using Tajima test and Fu and Li tests were negative, providing evidence that date palm has been undergoing rapid expansion and recent population growth. Thus, we suggest that the psbK-psbI spacer can be successfully used to construct reliable phylogenetic trees for P. dactylifera.
mean phylogenetic tree was constructed and shows a well-defined
INTRODUCTION
DNA barcoding has become a progressively important tool for taxonomic studies and species delimitation, as well as for the discovery of new (cryptic) species (Hajibabaei HYPERLINK "http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3890672/"et al. HYPERLINK "http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3890672/", 2007). A consortium of scientists has suggested the two-locus combination of rbcL and matK genes as a universal plant barcode (CBOL Plant Working Group, 2009) , while other authors (Chen HYPERLINK "http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3890672/"et alHYPERLINK http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3890672/.HYPERLINK "http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3890672/", 2010) have suggested the ITS2 region as a more effective nuclear DNA barcode. However, despite all efforts, no locus (alone or in combination), has been confirmed to be 100% efficient as a common DNA barcode for plants at the species level. The first DNA barcoding investigation in palms (Jeanson HYPERLINK "http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3890672/"et alHYPERLINK http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3890672/.HYPERLINK "http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3890672/", 2011) achieved 92% success in species discrimination by applying a combination of three cpDNA markers (the plastids matK and rbcL and the nuclear ITS2) to the tribe Caryoteae. Palmae (Arecaceae) is the third most significant plant family in terms of human use; it includes about 180 genera and 2000 species distributed across the tropics and subtropics (Naeem et al., 2014) .
Date palm (Phoenix dactylifera L.) is one of the earliest-domesticated fruit trees, and has great socioeconomic significance and nutritional value. It is the major incomeproducing crop in arid and desert areas (Hodel and Johnson, 2007) . There are nearly 5000 date palm cultivars around the world (Jaradat and Zaid, 2004) . The economic importance of date palm is largely due to its nutritionally valuable fruit, which contains 44-80% carbohydrates, 0.2-0.5% fat, 2.3-5.6% protein, and 6-12% dietary fiber (Hadrami and Al-Kjhayri, 2012) . Numerous medicinal properties have also been attributed to date palm, including treatment for intestinal ailments, colds, sore throat, toothaches, fever, gonorrhea, and cough (Vayalil, 2012) .
To ensure the conservation of high-quality varieties, tissue culturing and direct shoot regeneration methods are recommended (Khan and Bi Bi, 2012) . Determination of genetic relationships among date palm varieties is of primary importance for the characterization of date palm germplasm, propagation programs, and conservation purposes (Haider et al., 2012) , but using biochemical markers (Gothwal et al., 2013) for genotype identification is difficult, and these markers can be altered by environment. Numerous molecular markers have been used to investigate genetic variety, including RAPD (Sedra et al., 1998; Mirbahar et al., 2014) , ISSRs (Zehdi et al., 2002) , SSRs (Yusuf et al., 2015) , RAMPO (Rhouma et al., 2008) , and AFLP (Khierallah et al., 2011) . These nrDNA markers show significant polymorphism among date palm cultivars, but defining the cultivars remains problematic. However, cpDNA barcodes can also be used to assess phylogeny (Jamil et al., 2014) . The authors (Enan and Ahamed, 2014) first attempted cpDNA analysis in Emirati date palm cultivars. Suitable molecular markers are needed to facilitate a deeper and sufficient awareness of the genetic diversity of date palm varieties.
Thus, the ultimate objective of this paper was to generate a phylogenetic relationship among a set of cultivars using the photosystem II psbK-psbI intergenic spacer.
MATERIAL AND METHODS

Plant material
Fresh young leaves of 30 different varieties (Table 1 ) of date palm (P. dactylifera L.) were collected from various areas of the United Arab Emirates. Three replicates were collected per cultivar and the samples were stored at -80°C. 
DNA extraction
Total genomic DNA was extracted from fresh plant material using a DNeasy TM Plant Mini Kit (Qiagen, UK). For each sample, genomic DNA was extracted from 100 mg frozen leaf tissue, which was first ground using a BeadBlaster homogenizer (Benchmark Scientific, USA). Extracted DNA was quantified by means of a Nanodrop ND-1000 spectrophotometer (Thermo Fisher Scientific Inc., USA) and visualized on 1% agarose gel stained with ethidium bromide.
PCR amplification and nucleotide sequencing
Three replicate PCR assays were performed to amplify the psbK-psbI intergenic spacer located within the large single copy sequence of date palm chloroplast DNA using universal psbK-psbI primers psbK-F: 5'-TTAGCCTTTGTTTGGCAAG-3' and psbI-R: 5'-AGAGTTTGAGAGTAAGCAT-3' (Lee et al., 2007) . The PCRs were prepared in a total 25-µL volume containing the following: 12.5 µL Taq PCR Master Mix (Qiagen, UK) in a final concentration of 200 µM each deoxynucleotide and 1.5 mM MgCl 2 , 1 µM each primer (Eurofins MWG Operon, Germany), and 2 µL (20 ng) genomic DNA, adjusted with DNasefree sterile water. PCR amplification was performed using a T100 thermal cycler (Bio-Rad, USA) at 95°C for 5 min, followed by 35 cycles of 95°C for 30 s, 55°C for 30 s, and 72°C for 60 s. A final elongation step at 72°C for 10 min was performed to make sure any remaining singlestrand DNA was fully extended. Owing to the presence of double bands in the amplicons, the PCR products were separated on 1% agarose gel; the bands were excised and purified using a QIAEX II Gel Extraction Kit (Qiagen, UK). Cycle sequencing products were created using a BigDye Terminator v3.1 Kit (Applied Biosystems, USA), then analyzed on an ABI 310 Automated DNA Sequencer (Applied BioSystems, USA). The PCR amplification primers were used also as sequencing primers.
Data analysis
The psbK-psbI sequences of all date palm varieties were uploaded to NCBI, and the Basic Local Alignment Search Tool (BLASTn) was used to perform queries for comparison to already-reported sequences in GenBank. All sequences generated were deposited in GenBank for reference; their accession numbers are provided in Table 1 . The sequencing data acquired for all date palm ecotypes of the psbK-psbI spacer was aligned using CLUSTALW. Pairwise distance, transitional/transversional substitutions, and the maximum likelihood substitution matrix (Tamura, 1992) were estimated with the MEGA 6.2 software (Tamura et al., 2013) . Genetic variation among the date cultivars was estimated by calculating the number of haplotypes, haplotype diversity (Hd), and parsimony-informative sites using the DnaSP 5.10.01 software (Librado and Rozas, 2009) . Phylogenetic trees were inferred by the maximum likelihood (ML), neighborjoining tree (NJ), and unweighted pair group method with arithmetic mean (UPGMA) methods, which were performed using MEGA 6.2 (Tamura et al., 2013) . The topologies of the phylogenetic trees were evaluated using the bootstrap resampling method with 1000 replicates. Codon positions included were 1st + 2nd + 3rd + noncoding. To test population expansion, Tajima's D (Tajima, 1989) , and Fu and Li's (1993) neutrality tests were performed in order to examine the null hypothesis that sequences are evolving according to neutral expectations.
RESULTS
Sequence characteristics
Successful double-stranded DNA amplifications and sequencing were obtained for all the cultivars studied, with a success rate of 100%. The sequence data from the psbK-psbI region was aligned and subjected to BLASTn using NCBI. The similarity index ratio was checked against the P. dactylifera chloroplast complete genome (Accession No. GU811709.2). Accession numbers for all sequences were obtained from GenBank and published under the accession numbers listed in Table 1 . For the psbK-psbI spacer, DNA sequences varied from 346 bp in the Umsalla cultivar to 417 bp in the Abukebal cultivar, with an average length of 374 bp. In addition, the GC content varied from 28.6 to 30.3%, and the AT content from 69.7 to 71.4% (Table 1 ). The substitution matrix and rates were estimated using ML under Tamura's 3-parameter model. Sequence analysis showed obvious nucleotide polymorphism among date palm varieties. For psbK-psbI, the analysis involved 30 nucleotide sequences; there were a total of 347 positions in the final dataset. The T to G, A to C, G to C, and C to G transversion rate was 2.35; that of A to T, G to T, T to A, and C to A was 5.51. The A to G and C to T transition rate was 10.26; that of C to T, T to C, and A to G was 24.03. Frequency of nucleotide substitution was as follows: A = 35.04, T/U = 35.04, C = 14.96, and G = 14.96 (Table 2) . Pairwise distance was calculated on the basis of the psbK-psbI region, and the values of genetic diversity ranged from 0.000 to 0.009, as shown in Table 3 . These very low distance values show that all varieties were closely related to each other. Polymorphism among the dataset was noted. The Hd, variance of haplotype diversity, theta (per site) from Eta, and nucleotide diversity among all varieties were found to be 0.685, 0.00419, 0.0022, and 0.00243, respectively (Table 4) . 
Phylogenetic analysis
The identification power of three tree-building methods was tested among the date palm varieties: NJ, ML, and UPGMA. In this study, no differences were found between the results of NJ-, ML-and UPGMA-tree based analysis, so the resolution power was calculated based on UPGMA analysis alone. A phylogenetic tree built based on the psbK-psbI sequences of the date palm varieties showed very little genetic distance (Figure 1 ), indicating close genetic similarity among them. This dendrogram supported the varieties' organization into two main clusters, as denoted by clusters I and II. Cluster I includes 22 varieties, which can be separated into three sub-clusters. Sub-cluster A comprises 15 varieties with a 40% bootstrap value. Sub-cluster B includes two varieties, Umsalla and Fard, which were allied with 64% bootstrap similarity. Sub-cluster C comprises 5 varieties, namely Hatmey, Dabass, Khesab, Nagdi, and Ashrasi, with a 41% bootstrap value. Cluster II includes eight varieties, Abukebal, Jabiri, Khenezi, Maktoom, BuMaan, Chichi, Diri, and Raziz, which were clustered with a 41% bootstrap value (Figure 1) . Table 3 . Pairwise distance among psbK-psbI sequences from 30 date palm varieties, as calculated by MEGA 6.0. Figure 1 . Phylogenetic tree of date palm varieties constructed on the basis of psbK-psbI spacer sequences using the UPGMA method. Branch length was calculated by Tamura 3-parameter method. Bootstrap (1000 replications) analysis was performed to establish the confidence level of the topology of the consensus tree.
Neutrality test
A commonly used approach for detecting selection is a neutrality test based on allelic frequencies. Selective neutrality tests were negative and insignificant: Tajima's D = -0.68535 (P > 0.1); Fu and Li's D = -0.34824 (P > 0.1); and Fu and Li's F = -0.54036 (P > 0.1) ( Table 4) .
DISCUSSION
Nuclear DNA markers RAPD, ISSR, and RAMPO reveal high levels of polymorphism, so the effective characterization of date palm at the cultivar level remains problematic (Zehdi et al., 2002; Rhouma et al., 2008; Haider et al., 2012) . Non-coding regions of the chloroplast have been used for lower-level taxonomic studies under the assumption that non-coding regions should be under fewer functional constraints than coding regions and should provide greater levels of variation for phylogenetic analysis. Among the first regions to be exploited were the trnL-trnF region (Taberlet et al., 1991) and the atpB-rbcL intergenic spacer (Manen and Natali, 1995) . In the present study, the chloroplast psbK-psbI intergenic spacer was evaluated for the first time as a DNA barcode for distinguishing date palm cultivars. The maximum likelihood substitution matrix using the MEGA file shows the probability of substitution from one base to another. These changes include the substitution of a pyrimidine by a purine or a purine by a pyrimidine (transversion) and the substitution of a purine by a purine or a pyrimidine by a pyrimidine (transition). The psbK-psbI spacer sequences had more As and Ts relative to Cs and Gs, which is typical of noncoding DNA (Table 4) . Base content may explain the occurrence of a relatively high proportion of transversions. In past substitution studies, it was found that when AT content was high, transversions occurred with higher frequency than in a high GC context (Bakker et al., 2000) . In the present study, the relatively high AT values in the psbK-psbI sequences of date palm cultivars are consistent with those obtained by Akhtar et al. (2014) . On the other hand, the number of parsimony-informative sites reached a value of 2, with five haplotypes among the 30 cultivars analyzed. This result is in contrast to the higher level of genetic variation (10 informative sites) found in 31 Tunisian date palm varieties using the trnL-trnF region (Rhouma et al., 2014) . Pairwise genetic diversity among date palm cultivars using the psbK-psbI spacer was close to the values found for the trnL-trnF spacer in fig (Baraket et al., 2009 ) and the trnD-trnT spacer in Cunninghamia (Lu et al., 2001) . The relatively low level of polymorphism in cpDNA may be associated with high selection pressure by farmers to maintain pure stock or the restricted distribution of date palm in a specific area. In fact, the ecotypes are grouped into two main clusters, suggesting a narrow genetic basis among the cultivars studied despite their phenotypic distinctiveness. This concurs with the molecular phylogeny of eight Saudi date palm cultivars as determined by their cpDNA rpoB coding and psbA-trnH non-coding regions (Al-Qurainy et al. 2011) . A negative Tajima's D test (Tajima, 1989) signifies an excess of low-frequency polymorphisms relative to expectation (Eswaran et al., 2005) , indicating population size expansion and/or purifying selection. Tajima's test is based on the fact that under the neutral model, estimates of the number of segregating/polymorphic sites and of the average number of nucleotide differences are correlated. If the value of D is too large or too small, the neutral 'null' hypothesis is rejected. The high genetic similarity values in the present study suggest that date palm has been under high selection pressure. Tajima's and Fu and Li's tests rejected the neutrality hypothesis in the observed sample, indicating that there has been a recent and rapid expansion in the tree's evolutionary history.
In conclusion, the data showed that Emirati date palm cultivars are characterized by their genetic diversity. Despite low genetic variation levels in Phoenix dactylifera cultivars, the psbK-psbI barcode was not only the most reliable alternative for the identification of the cultivars but it was also useful for explaining the phylogenetic relationships at this taxonomic level.
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